A perilla seed ( Perilla frutescens Britton var. japonica Hara) extract was examined for its antimicrobial activity against oral cariogenic streptococci and periodontopathic Porphyromonas gingivalis. Luteolin, one of the components of perilla seed, showed the strongest antimicrobial eŠect among the phenolic compounds. According to our results, perilla seed may be the source of an antimicrobial agent that could prevent dental caries and periodontal diseases.
Plant polyphenols have attracted a good deal of attention recently for their various activities and potential clinical use. Perilla ( Perilla frutescens Britton var. japonica Hara), a traditional Japanese herb, has been used for years as a folk medicine and W or food, especially in Southeast Asia. Perilla seed oil has recently been recognized as a health food, because it includes a high ratio of a-linolenate. The hexane-extracted residue is also a kind of industrial waste; we therefore attempted to develop a method that could utilize defatted perilla seed in order to make more e‹cient use of the seed. According to a recent investigation, phenolic compounds isolated from perilla seed may be developed into a useful source of an agent that could prevent allergic hyperactivity and in‰ammatory responses due to its antilipoxygenase activity. 1) We compared the antimicrobial activities of a decoction and phenolic compounds derived from perilla seed against a variety of oral bacteria. Many bacterial species have been isolated from dental plaque as well as the sites aŠect-ed with dental caries and periodontal diseases. [2] [3] [4] [5] The development of oral diseases, however, is thought to be associated with several restricted strains of oral bacteria such as oral streptococci associated with the development of dental caries and Porphyromonas gingivalis which has been implicated in the etiology of adult periodontitis. 6) Perilla seed was purchased from Kanematsu Co. (Tokyo). Luteolin and (")-epigallocatechin gallate were obtained from Oryza Oil and Fat Chemical Co. (Aichi) and Mitsui Norin Co. (Shizuoka), respectively. Gallic acid, caŠeic acid, and quercetin were obtained from Wako Pure Chemical Industries (Osaka). Apigenin and rosmarinic acid were purchased from Extrasynthese (Genay, France). GAM broth was obtained from Nissui (Tokyo) and brain heart infusion (BHI) broth from Difco Laboratories (Detroit, MI, U.S.A.). All other chemicals were of reagent grade. Various bacterial strains were selected from our culture collections in the Department of Oral Microbiology at Asahi University School of Dentistry.
Perilla seed (800 g) was extracted with hot hexane (3 l, 3 times), and the residue was re‰uxed with 70z ethanol (3 l, 3 times). The ethanolic extract was then partitioned between hexane and 80z aqueous methanol after removing the solvent. The methanolic extract was again evaporated, and then partitioned between ethyl acetate and water. The ethyl acetate extract was subjected to high-performance liquid chromatography (HPLC) to obtain three components. The following conditions were used for purifying compounds 1 and 2: solvent, MeOH W H2O W acetic acid, 35:60:5; column, Capcell Pak C 18 -UG120 (Shiseido, Tokyo); ‰ow rate, 0.5 ml W min; temperature, 459 C; detection at 372 nm; retention times, 30 min (1) and 50 min (2) . For compound 3: solvent, MeOH W H2O, 1:1, containing 0.1z tri‰uoroacetic acid; column, Develosil ODS (10×250 mm, Nomura Chemical Co.); ‰ow rate, 2.5 ml W min; room temperature; detection at 254 nm; retention time, 5 min.
1 H-NMR and 13 C-NMR spectra for the isolated compounds were measured in DMSO-d6 with tetramethyl silane as the internal standard by a JEOL alfa-500 instrument (500 MHz for 1 H and 125 MHz for 13 C) and identiˆed as luteolin (1), apigenin (2) and rosmarinic acid (3) by a comparison with the literature values. 7) Oral streptococcal species were cultivated Inocula were prepared by diluting 18-48 h broth cultures to 10 6 cells W ml for oral streptococci and to 10 8 cells W ml for P. gingivalis. Five microliters of an inoculum was plated and incubated at 379 C for 24-96 h, depending on the growth rate of the test strain. MIC is deˆned as the lowest concentration of the antimicrobial agent in the agar medium resulting in complete inhibition of visible growth. When two or more diŠerent endpoints were obtained, the assay was repeated in triplicate. When two or more diŠerent endpoints were obtained, the assay was repeated in triplicate. Conditions were the same as those described in Table 1. 922 H. YAMAMOTO and T. OGAWA in BHI broth at 379 C for 18-24 h. Various strains of P. gingivalis were grown anaerobically in GAM broth supplemented with hemin (5 mg W ml) and menadione (1 mg W ml) in Gas Pak jars (BBL Microbiology Systems, Cockeysville, MD, U.S.A.) for 48 h at 379 C. The minimum inhibitory concentration (MIC) was determined in triplicate by an agar dilution method, essentially as described previously. 8, 9) Inocula were prepared by diluting 18-48 h broth cultures to 10 6 cells W ml for the oral streptococcal species and to 10 8 cells W ml for P. gingivalis. The perilla seed extracts and various polyphenols, including luteolin, apigenin and rosmarinic acid (reagent grade) as already described, were dissolved in DMSO (300 ml) and added to 9.7 ml of the culture medium. Five microliters of an inoculum was plated with a multipoint inoculation instrument (Microplanter model MIT-P, Sakuma Factory, Tokyo, Japan). The inoculated plates were incubated at 379 C for 18-96 h depending on the growth rate of the test strains, and MICs were then determined. MIC is deˆned as the lowest concentration of the antimicrobial agent in the agar medium resulting in the complete inhibition of visible growth. When two or more diŠerent endpoints were obtained, the entire test was repeated in triplicate.
As shown in Table 1 , the ethanolic extract of defatted perilla seed weakly inhibited the growth of the oral pathogenic bacterial strains. The ethyl acetate extract, which had been obtained by partitioning the ethanolic extract, exhibited strong antimicrobial activity against the oral streptococci and various strains of P. gingivalis. Luteolin and quercetin, each having a hydroxyl group at the 3? position, showed marked antimicrobial activity against the oral bacteria tested, whereas apigenin had very little eŠect (Table 2) . Gallic acid had stronger antimicrobial activity than (-)-epigallocatechin gallate, although it was no more eŠective than luteolin (Table 2 ). These results suggest that the antimicrobial activity speciˆc to P. gingivalis was due to the 3?-hydroxyl group in the test specimens. Rosmarinic acid exhibited relatively strong activity against various strains of P. gingivalis; however, weaker antimicrobial activity was observed against oral streptococci, even though the molecule contained caŠeic acid which exhibited a relatively strong level of activity (Table 2) .
Dental caries is the most common result of infectious disease in humans, and although it is not lifethreatening, can cause great discomfort. The main etiologic agents of dental caries are considered to be S. mutans and S. sobrinus which are species that belong to the mutans streptococci group and can be found in dental plaque. S. mutans is associated with the initiation of dental caries inˆssures and on smooth enamel surfaces, while S. sobrinus is isolated more speciˆcally from the proximate sites of posterior teeth. 10) Periodontal diseases are in‰amma-tory disorders manifested in periodontal tissues, the periodontal ligament, and alveolar bone surrounding the teeth. It is also well established that the bacteria associated with dental plaque are the primary etiologic agents of these conditions. It is also known that gingivitis develops in parallel to dental plaque accumulation and spreads to gingival crevices with the consequent formation of a periodontal pocket, this being followed by concomitant loss of periodontal tissue support. According to the consensus report of the World Workshop in Periodontics (1996), P. gingivalis should be considered as one of the causative agents of periodontal diseases.
11) The primary etiological agents of such oral diseases as dental caries and gingivitis are known to be several restricted strains of oral bacteria; thus, the majority of current commercial antiplaque products are antimicrobial compounds. [12] [13] [14] According to reports, plant polyphenols such as (")-epigallocatechin gallate (EGCg) have been found to inhibit bacterial growth. [15] [16] [17] Since perilla seeds contain various polyphenols, we examined their antimicrobial activity against oral bacteria and compared the results with those of other plant polyphenols. We screened the ethanolic and ethyl acetate extracts of defatted perilla seeds for their antimicrobial activity, and also attempted to isolate the bioactive compounds. Furthermore, separation of the ethyl acetate extract was performed by HPLC to obtain luteolin, apigenin, and rosmarinic acid. Luteolin showed marked antimicrobial activity, whereas apigenin, which has no hydroxyl group at the 3? position, exhibited no activity against the oral microbes tested ( Table 2 ). The perilla seed extract and the phenolic compounds derived from the extract exhibited as strong antimicrobial activity as that of other plant extracts reported previously. 18, 19) Quercetin, having a hydroxyl group at the 3? position, exhibited almost the same activity as luteolin (Table 2) . These results suggest that a deˆciency of the 3?-hydroxyl group in the ‰avonoid B-ring resulted in no antimicrobial activity, whereas the 3-hydroxyl group had no in‰uence on such activity. Rosmarinic acid showed weak activity against P. gingivalis, but not against the other oral streptococcus species, even though the molecule contained caŠeic acid which exhibited relatively strong activity as compared with the other phenolic compounds (Table 2) . EGCg, the bioactive component of green tea, inhibited bacterial growth; however, it was no more eŠective than luteolin or quercetin, even though gallic acid, one of the moieties of EGCg, exhibited strong antimicrobial activity (Table 2) . Taken together, our observations suggest that the ethyl acetate layer of the perilla seed extract and its phenolic component, luteolin, have the potential to play a signiˆcant role in regulating dental caries and periodontal diseases.
